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INTRODUCTION 


The strawberry is perhaps the most widely grown of all the fruits 
in the United States; it is not only particularly adapted to home 
gardens but is also a highly important fruit of commerce. However 
the strawberry plant is too tender to survive and produce satisfactorily 
without winter protection in almost all of the northern half of the 
United States, especially in the northern Great Plains areas where 
winters are very severe. Consequently, the development of hardier 
varieties should reduce the cost of growing strawberries where winter 
protection is now necessary. 

The value of the native Rocky Mountain strawberry (Fragaria 
ovalis (Lehm.) Rydb.) in breeding more desirable varieties of culti- 
vated strawberries (X F. ananassa Duch.)-has been pointed out by 
Georgeson (7),? Darrow (2), and Hildreth and Powers (9). It should 
be noted, however, that these workers used the species names pla- 
typetala and cuneifolia instead of ovalis. Crosses between cultivated 
varieties and collections of F. ovalis have been grown at the United 
States Department of Agriculture Cheyenne Horticultural Field Sta- 
tion, Cheyenne, Wyo., for a number of years. This paper reports 
the progress being made there in breeding strawberries, especially 
that dealing with characters of economic importance, and it evaluates 
the breeding methods used. The immediate objective of the breed- 
ing program is to recombine the large size of fruit of the commercial 
varieties with the winter hardiness of the native Rocky Mountain 
strawberry. 

REVIEW OF LITERATURE 


The literature dealing with strawberry breeding is rather extensive, 
and only that part having a direct bearing on the present study will be 
reviewed here. The reader is referred to Bunyard (1) for a more com- 
plete discussion of the history and development of the strawberry and 
to Darrow (2) for a review of the literature dealing with breeding. 

Bunyard (/) pointed out that even though the wild strawberries, 
including Fragaria virginiana, had been grown as garden plants for 
some 300 years before the introduction of F. chiloensis into France by 
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Frezier, no improved variety had been recorded. His following 
remarks are particularly interesting: 

We see, therefore, that F. virginiana, left merely to the stimulus of cultivation, 
did not produce any varieties of special size or remarkable in other qualities, and 
it was generally admitted that for flavour the original type was unsurpassed. 
Nothing at all apprcaching in size the Strawberry of modern times had been pro- 
duced, and the reason of this was, doubtless, that no character giving large fruit 
had been introduced into the gametic constitution of existing fruits. 

The introduction of the Chilian Strawberry, F. chiloensis, brought, however, 
the required size into combination with the flavour of the Virginian, and thus 
laid the foundation of the fruit as we know it to-day. The introduction of the 
Chilian Strawberry was, therefore, an event of the first importance in Strawberry 
history... 

Hence, it seems that the modern cultivated strawberry resulted from 
crosses involving F. virginiana and F. chiloensis. This conclusion is in 
accord with that of Darrow (2). 

The literature dealing with the use of Fragaria ovalis to improve the 
cultivated strawberry is limited. Georgeson (7), working in Alaska, 
used F. chiloensis, F. ovalis, and the cultivated strawberry to develop 
a berry suitable for Alaskan conditions. He succeeded in producing 
strawberries suitable for the interior of Alaska, where the temperature 
often falls as low as 50° F. below zero and sometimes as low as 65° 
below. The following statement by Georgeson (7, p. 8) sets forth the 
merits of one of his hybrids: 

One of the best hybrids so far produced has resulted from crossing the Magoon, 
a well-known strawberry of the Pacific Coast, with pollen from the wild plant. of 
the interior. This hybrid, so far as tested, possesses all the desired qualities. The 
berry is large, of deep red color not merely on the surface but throughout, and it is 
firm enough to stand shipment. The berry has a good flavor and a calyx that 
separates easily when the fruit is ripe. 

Darrow (2) pointed out the value of Fragaria ovalis as a source of 
cold and drought resistance, everbearing types, and earliness. 

Hildreth and Powers (9) reported the results from tests involving 
extensive collections of the Rocky Mountain strawberry. In 1936 
systematic collections were made under the supervision of A. C. 
Hildreth. About 42,000 plants were collected from more than 1,100 
localities in Wyoming, Colorado, Montana, New Mexico, and Utah. 
None of these had fruits large enough for commercial production, al- 
though they were generally of high quality. As grown in the trial 
plots, these native plants show variation in many horticultural 
characters, differing in size, shape, color, and quality of fruit and in 
season of maturity, fruiting habit, prolificacy, tendency to produce 
runners, resistance to disease, and tolerance to soil alkalinity. Some 
are distinctly everbearing, others are June bearers. Some show con- 
siderable drought resistance, and the majority of them have proved 
hardy without protection at Cheyenne, Wyo. The F, plants from 
crosses between cultivated varieties and different collections of the 
native strawberry were found to vary within and between crosses as 
regards the following horticultural characteristics: Size, sweetness, 
flavor, aroma, shape, color, prolificacy, and time of maturity of fruit; 
June or everbearing habit; position of fruits on the plant; type of 
flower cluster; shape, size, and abundance of leaves; and habit of plant 
growth. 

Another problem in the breeding of Fragaria arises from the fact 
that some supposedly F, hybrids resemble the maternal parent and 
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others resemble the paternal parent. Such cases have been reported 
by Millardet (11), East (4, 5), Ichijima (10), and Rygg and Darrow 
(15). Ichijima described both maternal and paternal types of in- 
heritance. In the case of maternal inheritance the chromosome 
number was that of the female parent, and in case of paternal, that of 
the male parent. All these populations of matroclinous type show no 
trace of hybridity in their genoms. On the other hand, the hybrid 
nature of the genoms never failed to show in those populations that 
exhibit their hybrid character morphologically. The exact method 
of occurrence of these unusual types is not known, but it is evident 
that among the F,; populations there occur individuals which possess 
the nuclear complex of one or the other parent. The possibility of 
the occurrence of these exceptional individuals must be taken into 
account in breeding or genetic studies involving Fragaria. 


EXPERIMENTAL CONSIDERATIONS 
MATERIAL 


Since the mode of reproduction in the cultivated strawberry is 
asexual, only one plant combining the desired characters in any 
segregating population is necessary for the production of a variety 
possessing the traits sought. Most strawberry varieties have perfect 
flowers, but a few have pistillate flowers only. Varieties having perfect 
flowers may be cross-pollinated by insects, and in hybridizing straw- 
berries precautions must be taken to prevent off pollinations. 

The results of a study of the behavior of the chromosomes during 
meiosis in the parents and in the crosses between cultivated varieties 
and the Rocky Mountain strawberry have already been reported (14). 
Chromosome behavior during meiosis of the parents and F, hybrids 
was found to be essentially normal. However, some irregularities 
similar to those found during meiosis of Triteeum (12) do occur. 

Because of a lack of sufficient breeding, genetic, and karyological 
information for crosses involving the cultivated varieties and the 
native Rocky Mountain strawberry, selection of the parents and the 
methods of breeding were based upon the phenotypic characters of 
the varieties and collections. The variety Gem was used in crosses 
because of its large fruit under the environmental conditions prevailing 
at Cheyenne and its everbearing habit, and because it comes nearer 
to being winter hardy than any of the other cultivated varieties tested. 
However, the fruit of Gem is lacking in quality. Of the commercial 
varieties of high quality tested by Hildreth at the Cheyenne Horti- 
cultural Field Station, Fairfax and Dorsett came the nearest to being 
winter hardy. Therefore, they were selected along with Gem as the 
cultivated varieties to be used in the strawberry-breeding program. 

When collections of the Rocky Mountain strawberry were being 
selected for crossing, winter hardiness was given the first consideration. 
Since most of the collections of Fragaria ovalis possessed this trait (9), 
selection for other desirable characteristics was made easier. Collec- 
tions as genetically diverse as possible were sought. Without the aid 
of intercrosses and progeny tests to determine genetic disparity, 
phenotypic differences were used for making the selections. The 
collections having winter hardiness and meeting these requirements 
were 36979, 361477, and 37501. In addition, 36979 had high quality 
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and was very prolific and 37501 bore larger fruit than the average 
collection of the Rocky Mountain strawberry and also had fair quality. 

In analyzing and interpreting the experimental data it should be 
kept in mind that all of these parents may be heterozygous for at least 
some characters and that all plants of a certain collection are not 
necessarily alike genetically. 


EXPERIMENTAL DESIGN 


The experiment consisted of two parts: That dealing with breeding 
methods based upon fundamental genetic principles and that dealing 
with methods of conducting the experiment based primarily upon 
the fundamentals of biometry. 

Methods of breeding in which hybridization is utilized may be 
broadly classified into two categories. The first is inbreeding followed 
by hybridization, which is particularly suited for breeding crops that 
are not self-pollinated and in which heterosis of some characters 
is of economic importance. It is employed when the available material 
is both highly heterozygous and heterogeneous and does not contain 
lines, strains, varieties, or species possessing sufficient genetic disparity 
for heterosis in the crosses to be of economic importance. The 
second is hybridization before inbreeding, which is used with crops 
in which lines, strains, varieties, or species possessing distinct genetic 
disparity do exist. 

Since the commercial varieties of strawberries possess large fruits 
and are not winter hardy as compared with the native Rocky Mountain 
strawberry, and the latter possesses small fruits and as a rule is 


extremely winter hardy, it would seem that the primary objective of 
the breeding program would be attained most easily and rapidly by 


hybridizing before inbreeding. 

Most F, hybrids originating from parents as diverse phenotypically 
as the cultivated varieties of strawberries and the native Rocky 
Mountain strawberry show decided heterosis of the vegetative parts 
of the plant. The problem, therefore, was to find a method of handling 
the hybrid material that would allow segregation of the genes differ- 
entiating size of fruit and winter hardiness and still maintain heterosis 
of the vegetative parts. The solution was found in the use of double 
crosses. For a better understanding of the problem the parental mate- 
rial is grouped below on the basis of the characters that are to be given 
primary consideration: 

Non-winter-hardy varieties with large fruit (VF ragaria ananassa): Fairfax, 
Dorsett, Gem. 
Winter-hardy collections with small fruit (7. ovalis): 36979, 37501, 361477. 


If a stands for the cultivated varieties and o for the collections of 
Fragaria ovalis, the possible ways of making the double crosses are 
as follows: F\(axXa)XF,(oXo0) and F\(aXo0)XFi(aXo). If the 
double cross is made in the manner first indicated, there will be a 
minimum of segregation of the genes differentiating degrees of winter 
hardiness, size of fruit, and vegetative vigor, since the greatest genetic 
disparity as judged by the differences between phenotypes would be 
expected to occur between the two groups a and 0. However, if the 
cross is made according to the second method there will be a maximum 
of segregation of the genes differentiating winter hardiness, size of 
fruit, and vegetative vigor. This is just what is desired, as it provides 
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greater possibilities for obtaining plants combining winter hardiness 
and large size of fruit. However, such is not the case with vegetative 
vigor because, if the original F, plants exhibited heterosis and if the 
genetic disparity between the commercial varieties and that between 
the collections of the Rocky Mountain strawberry were negligible, then 
the double crosses made in the second manner should show a decided 
decrease in heterosis or vegetative vigor of plants. The double crosses 
actually made were F\(a Xo) XF\(a Xo), because this allowed a maxi- 
mum segregation of the genes differentiating size of fruit and winter 
hardiness, 

The design of the experiment was similar to that described in an 
earlier paper (13), and since the reasons for including the different 
populations have already been given, they need not be repeated here. 
The experimental design was a randomized complete block for the seed 
(achene) germination and the field studies. The number of blocks for 
the field studies was 10 and the number of plants per plot was 12. 
Since an inadequate number of plants was obtained for the F, popula- 
tion of Fairfax < 37501 and the selfed progeny of Fairfax, these 
populations were included in the first 6 replications only. In all com- 
parisons and deductions including these populations, this fact was 
taken into account. 

The symbol D. C. is used to designate a double cross involving two 
F, hybrids; S,; is used to designate the progeny obtained by self- 
pollinating the parent indicated; and B, is used to designate the 
progeny obtained by backcrossing the F; hybrid Fairfax x 36979 
to the parent indicated. 

The populations in the breeding program, together with the number 
of plots grown per block for the field studies, are as follows: 
Population: Plots per block 


(number) 
Fragaria ovalis: 


37501 (asexual) ____ 1 
361477 (asexual) _- : : : 1 
36979 (asexual)________- 1 
36979 (S,) | 
Hybrid populations: 
B,[Fi(Fairfax < 36979) « 36979] 
F, (Fairfax 36979) - 
F, (Fairfax < 361477) 
F, (Fairfax « 37501). 
F.(Fairfax < 36979) : 
D. C. [F,(Fairfax 36979) « F,(Dorsett * 37501)! 
D. C. [F,; (Fairfax « 36979) * F,(Gem saad 
B, [Fairfax < F, (Fairfax x 36979) ] 
< F. ananassa: 
Fairfax (S;)- 
Fairfax (asexual) 
Gem (asexual) 
Dorsett (asexual) 


9 OO ROO 


The original purpose of the study ” seed germination was to de- 
termine whether there were differences in percentage and time of 
germination between populations and within populations and the rela- 
tive importance of possible differences. As the investigation pro- 
gressed an attempt was also made to determine the effect of the female 
parent upon the percentage and time of germination. 

Since another objective was added after the experiment was started, 
the investigations consisted of the 2 rather distinct parts just men- 
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tioned. As regards the first part of the germination studies, the variates 
were the same as those for the field studies except that, of necessity, 
those asexually propagated were omitted and the number of plots per 
block differed for some of the populations. These differences were as 
follows. There were 4 plots per block of the F, population, 5 per block 
of the double cross involving Dorsett, and 5 per block of the backcross 
to Fairfax. The number of blocks for these seed germination studies 
was 17 and the number of seeds per plot was 25, whereas the number of 
blocks for the second germination study was 20 and the number of 
seeds per population was 500. The seeds were placed between moist 
blotters in the germinator on February 12, 1940, and August 22, 1941, 
respectively, and held for 140 days at an average temperature of 30° 
C. The seeds were approximately 1 year and 2) years old, respec- 
tively. The greatest range in temperature was from 28° to 32°. 
The young plants were kept in the blotters until they developed roots 
and cotyledons and then were transferred: to 2-inch pots. This 
allowed the recording of abnormal seedlings. Since such seedlings were 
so rare as to be negligible in these germination studies, they will not 
be considered further. The number of germinated seeds was recorded 
daily. However, in reducing the data they were classified into 5-day 
periods. For example, the first period for the seeds put in the germi- 
nators on February 12, 1940, is 40 (see table 1), and the frequencies 
given represent the number of seeds which germinated 38 to 42 days 
after the seeds were placed in the germinators. 


CHARACTERS 


In studying biological characters it is desirable whenever possible 
to record the results in standard units. However, because of the 
nature of the character or the time and labor inv olved in employing 
standard units, it is sometimes necessary to resort to observation. In 
the present work it was possible to measure the following characters by 
standard units: Germination (seeds germinated), plant height (centi- 
meters), length of period from May 1 to first bloom (days), length of 
period from first bloom to first fruit ripe (days), and length of period 
from May 1 to first fruit ripe (days). 

For all characters for which grades were used the numerical values 
were 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, and 5.5. To establish 
these grades the range in expression of the character for the parents 
and F, hybrids was first determined. Then tentative grades of 1, 2, 
3, 4, and 5 were set up and these in turn were used to establish the 
fractional grades. With these tentative grades in mind the classifi- 
cation of the experimental material was started. Usually after the 
classification of two or three replicates any necessary adjustment of 
grades had been made and the grades had become fixed in mind. 
Then the classification was made of all replicates. During the classi- 
fication of some characters it was found that the work was expedited 
by having samples of the middle grades (1.5, 3.0, and 4.5) available 
for making comparisons. 

The notes on winter hardiness were taken on May 8, 1941, and were 
checked on June 3. All the plants in a hill (plants derived from one 
original plant by asexual propagation) receiving a grade of 0.5 were 
entirely free from any discernible injury. A grade of 1.5 was given to 
hills that had a few plants showing slight injury. Grades from 3.0 
to 5.5, inclusive, were given to hills in which all the plants showed some 
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crown injury. Grades of 4.5.and above were given to hills the plants 
of which looked as if they would not survive even though some growth 
had started on May 8. By June 3 all the plants of most of those 
receiving grades of 4.5 or higher were dead. Hills having all plants 
dead on May 8 were given a grade of 5.5. The grades not specifically 
mentioned represent degrees of winter injury falling between those 
discussed. 

Grades for size of fruit were established as follows. After the F, 
hybrids and parental varieties of the first two replicates had been 
examined, fruits having the following greatest diameters were taken 
as the standard for the grades designated: 


Diameter 

(inches) 

Ke 

46 

1%6 

Se er a ies : 1.0 

5 : See cet nas pos bye iain ete ai 1% 

The fractional grades, with the exception of 0.5 and 5.5, fell between 

the indicated measurements. The value 0.5 was assigned to all fruits 
smaller than grade 1 and 5.5 to all fruits larger than grade 5.0. 

The plants per hill were counted for the first 5 replicates to deter- 
mine the grades for runner plants. Then, on September 19 and 20, 
1940, the plants of each replicate were classified. As these notes were 
taken before the hills derived from a single plant had been trimmed to 
occupy a 15- by 15-inch space, the grades would be expected to record 
the ability of the seedling or asexually propagated plant to produce 
runners. To determine whether such actually was the case, a corre- 
lation coefficient which involved the grades for each plant of the first 
5 replicates and the number of plants per hill was calculated. The 
correlation coefficient was +0.853, which shows that the grades are a 
reliable estimate of the ability of the original-plants to produce runners. 
By calculating the regression equation, it was found that the number 
of. plants per hill increased 15.2 for each increase of 1 grade. 

Sweetness, flavor, and firmness were ascertained by tasting fruits of 
each plant. The grades for flavor were based on the intensity of the 
strawberry flavor relished by most people. During the taking of this 
note it was observed that the intensity of flavor seemed to be posi- 
tively associated with the higher degrees of sweetness. 


EXPERIMENTAL RESULTS 


The experimental results are divided into two parts, one dealing 


with the germination studies and the other with the characters taken 
in the field. 
GERMINATION STUDIES 


The data on amount and time of germination are given in table 1, 
and the x? values for testing the statistical significance of the differ- 
ences between populations as regards both the ratio between ger- 
minated and nongerminated seeds and the time of germination are 
given in table 2. These values are the heterogeneity x”s. The 
method of partitioning the data and the formulas used were given in 
an earlier paper (14) and need not be repeated here. In calculating 
the x” values the data were grouped so that the least number of indi- 
viduals expected in any one category was five or more (see Fisher 6). 
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For example, to test whether differences existed between populations 
as regards time of germination, the theoretical for the populations 
(in this case selfed Fairfax, table 1) having the smallest total number 
was calculated and the data were grouped accordingly. Grouping 
was also necessary for testing whether the differences noted within 
populations as to time of germination were statistically significant. 
The groupings of table 1 account for the fact that the total degrees of 
freedom Fisted for time of germination (table 2) are the sum of the 
degrees of freedom for grouped data (105), for between means of 
populations (49), and for periods (7). 


TABLE 2.— x? values for testing the statistical significance of the differences noted in 
table 1 between populations as regards the ratio between germinated and non- 
germinated seeds and the time of germination 


| 
| Degrees 
| Of free- | 

Variation due to— | dom for | 
| grouped | 





Pe rae 
Grouping on the basis of the theoretical number of seeds in each yaa. 
Ratio between germinated and nongerminated seeds_- 
Between means of populations 
Within populations 
F; (Fairfax X36979) 
F; (Fairfax X36979) 
F, (Fairfax X36979) X Fi (Dorsett X37501) - _ .___- 
F; (Fairfax X36979) X F; (Gem X361477) ee ees 
B, [Fairfax F (Fairfax <36979)]_..-...-.-.-.----- 
gO ee 3 


rom onm nas 8 


1 


Between means of eaqeatinns. ba 
Within populations ____- : 

F; (Fairfax X 36979) _- peau a REE OO COMB ON Can Nope, | 

F, (Fairfax X36979) “se 2 18 

Fi (Fairfax X 36979) X F; (Dorsett X37501) - - PS ee SNe | 12 

F, (Fairfax X36979) x F; (Gem X361477) } 10 | 

B; [Fairfax X F; (Fairfax X36979)] } 54 184. 537 





1 Odds against the deviations noted being due to chance are less than 19 to 1 (P>0.05). 
2 Sum of degrees of freedom for periods, for between means of populations, and for grouped subtotals. 


The percentages of the seeds that germinated follow: 
: Germination 
Population: (percent) 


D. C. [F; (Fairfax 36979) X F; (Dorsett X 37501 Ni , 

B, [F, (Fairfax < 36979) K 36979]__ __ - 

D. C. [F, (Fairfax x 36979) x F; (Gem x361 477)]. 

F, (Fairfax < 36979) 

Fragaria ovalis (36979), S,-_---- 

B, [Fairfax x F; (Fairfax x 36079) |. 

F, (Fairfax X 36979) ____-_--- 

X F. ananassa (Fairfax), §;_..------- 
From these percentages and the calculations of table 2, it is apparent 
that the populations differ in the percentage of seeds that germinated 
during the 140-day period. Since the parents were not homozygous, 
and hence the F, populations might differ, it seemed probable that 
differences in percentage of germination might occur within popula- 
tions. Such was found to be the case. However, the variation was 
not nearly so great within populations as between populations. Thus 


629488—45——2 


— Oe VICON OVO 
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it appears that variation due to segregation of genes within the 
parents was small as compared with that due to genetic differences 
between parents. 

The F, (Fairfax X 36979) was used as the maternal parent in produc- 
ing the seeds for the two double crosses, the backcross to 36979, and 
the F, populations; Fairfax was used as the maternal parent in produc- 
ing the seed for the backcross to Fairfax, the F, progenies, and self- 
pollinated Fairfax; and of necessity, F. ovalis 36979 was used as the 
maternal parent in producing the seeds for self-pollinated 36979. 
When the F, hybrid was used as the female parent the percentage of 
the seeds that germinated was higher than when some other female 
parent was used. This would seem to indicate that the genotype of 
the maternal parent played a dominant role in determining the per- 
centage of germination. If such actually were the case, there should 
be a difference between reciprocal crosses. The data on reciprocal 
crosses, given in table 3, show that when the F, hybrid was used as 
the female parent the percentage of germination in 140 days was 95.4, 
whereas when Fairfax was used as the female parent the percentage 
was 68.0. Of the seeds resulting from self-pollinating Fairfax, 62 
percent germinated. It is evident that the genotype of the maternal 
parent played a dominant part in determining the percentage of 
germination. 

With this fact established, the row totals for table 1 and the per- 
centages for the different variates, previously listed, may be inter- 
preted. The average percentage of germination for those popula- 
tions having the F, hybrid as the female parent was 87.5; for those 
having Fairfax as the female parent, 54.2; for self-pollinated collection 
. 36979, 71.5; and for self-pollinated Fairfax, 31.1. It is evident that 
heterosis exists as regards the effect of the maternal parent upon 
germination. 


TABLE 3.—Frequency distributions of germinating strawberry seeds approximately 
2% years old from reciprocal crosses and self{-pollinated Fairfax 
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That the genotype of the maternal parent is not the sole factor 
controlling germination is shown by the fact that there were differ- 
ences, not accountable for by chance variation, between germination 
percentages of the populations having the F, hybrid as the maternal 
parent. The range was from 79.8 to 96.0 percent. Moreover, the 
percentages of germination for the backcross to Fairfax and the F, 
were greater than that for self-pollinated Fairfax; yet Fairfax was the 
maternal parent of all of them. These data as a whole show that the 
genotype of those parts of the seed resulting from fertilization plays a 
part in determining the percentage of germination as well as does the 
genotype of the maternal parent. 

The data for time of germination are given in table 1, and the hetero- 
geneity x”’s for testing the significance of differences in table 2. There 
were marked differences between the means of hybrid populations 
and parents as to time of germination. This is also true, with the 
exception of the double cross [F; (Fairfax x 36979) « F,; (Gem x 
361477)], of the variates within hybrid populations. However, as 
noted in the case of percentages of germination, these differences are 
small as compared with the differences between means of hybrid 
populations and parents. 

To facilitate the study of the data on time of germination the per- 
centages of germinated seeds were calculated for the grouped sub- 
totals (table 4). Without exception the populations having the F, 
hybrid as the maternal parent were the earliest to germinate and those 
having Fairfax as the maternal parent were the latest. These are 
the findings that would be expected if the maternal parent has a 
dominant influence on time of germination. To determine whether 
such was actually the case, reciprocal crosses involving the backcross 
to Fairfax were tested for time of germination (table 3). The data 
show that the backcross to Fairfax germinated considerably earlier 
when the F, hybrid was used as the female parent than when Fairfax 
was used as the female parent. Thus, from the data of tables 1 to 4, 
it may be concluded that the maternal parent had a predominant 
effect upon time of germination and that the F, hybrid exhibits 
decided heterosis in this respect. 


TABLE 4.—The percentage of the viable seeds that germinated during the indicated 
number of days after the seed had been put in the germinators (data from table 1) 





Seeds germinating after being in germinator for Mean 
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That the genotype of those parts of the seed resulting from fertiliza- 
tion also had a decided effect upon time of germination is shown by 
the differences in time of germination between the populations having 
the F, hybrid as the maternal parent and again by the differences in 
time of germination between the populations having Fairfax as the 
maternal parent (table 4). The 24-year-old seed started germina- 
tion 35 days earlier than the l-year-old seed. For the 2 Y¥-year-old 
seed the percentage of germination for the backcross to Fairfax was 
8.6 percent higher than that of the 1-year-old seed, and for self-polli- 
nated Fairfax, 30.9 percent higher. 

It will be remembered that there were differences within popula- 
tions as to time of germination, which would be due to genetic dis- 
parity within species. However, the variation due to differences in 
genotypes of the species was considerably greater than that due to 
genetic differences within species. The genetic differences within 
species probably were due to differences between varieties or col- 
lections of the species and to heterozygosity of these varieties or 
collections. 

The foregoing studies on germination of strawberry seeds have a 
direct bearing upon a strawberry-breeding program. Reciprocal 
crosses do not necessarily behave alike and since the maternal parent 
has a preponderance of influence upon the percentage and time of 
germination, the breeder may well afford to determine which way 
his crosses should be made so as to give the greatest number of seed- 
lings in the shortest time. It seems probable that in most crosses 
involving X Fragaria ananassa and F. ovalis the F, hybrid when used 
as the female parent will show heterosis as regards the maternal effect 
upon germination. So, other things being equal, time and labor may 
be saved by using the F, hybrids as the female parent in obtaining 
seeds for the production of the backcross generations. 

Probably the most important result of these studies is the insight 
they furnish as to the possibilities for selection. As many as 96 
percent of the seeds of some of the material germinated, and some 
were considerably earlier in germinating than others. This degree 
of genetic disparity in the material indicates that by selection in 
segregating hybrid populations the breeder may be able to build up 
stocks that will possess a high percentage of germination and will 
germinate quickly. This conclusion is in accord with the findings of 
Darrow et al. (3) and Henry (8). Their investigations show that both 
percentage and time of germination may vary according to species 
and variety. 

FIELD STUDIES 


As previously stated, the primary objective of the breeding program 
was to recombine the winter hardiness of the native Rocky Mountain 
strawberry with the fruit size of the cultivated varieties. Success in 
attaining this objective is affected by (1) the dominance and heterosis 
relations of the characters, (2) the frequency of occurrence of the 
desirable characters in the hybrid populations in which there is a 
possibility of these characters being recombined, (3) whether the genes 
differentiating the characters under consideration are independently 
inherited or are linked, (4) whether pleiotropy (multiple effects of a 
gene) is occurring as regards some or all of the genes differentiating 
certain characters, and (5) the effect of the environment on the rela- 
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tion between the characters. Ten characters were selected for study. 
The data in respect to these are divided into three parts. The first 
treats of dominance and heterosis, the second of the frequency of 
occurrence of the desirable character in the populations in which there 
is a possibility of these characters being recombined, and the third of 
the independence of the characters, of pleiotropy, and of the influence 
of the environment upon the relation between the characters. 


DOMINANCE AND HETEROSIS 


Probably one of the best ways of determining whether dominance 
and heterosis exist is to compare the means of the populations and 
parents. Before proceeding further, it is desirable to have a clear 
conception of dominance and heterosis. Even though, from the 
standpoint of physiological genetics, dominance and heterosis are 
probably fundamentally the same, it is convenient in these studies 
to use both terms. Complete dominance is applied to those cases 
in which the phenotypic expression in the F; hybrid is that of one or 
the other parent. The term “partial dominance” is used when the 
phenotypic expression in the F, hybrid lies between those of the 
parents but, is anything other than exactly intermediate arithmeti- 
cally. Those cases are considered as exhibiting heterosis in which 
the phenotypic expression of a character in the F, hybrid is greater 
than the magnitude of such expression in both parents. It should be 
pointed out that even though means of the F; compared with those 
for the parents provide the most information concerning dominance 
and heterosis, comparisons involving the means of other populations 
are valuable in furnishing supplementary evidence. 

The means and their standard errors for the 10 characters studied 
are given in table 5. The grades for winter injury listed in the second 
column show that in some cases the winter injury of the F, hybrid and 
of the double cross [F, (Fairfax 36979) *F, (Gem X361477)] is no 
greater than that of the respective Fragaria ovalis parents and in the 
remaining cases it is almost as low. Hence, for all practical purposes 
the winter hardiness of the F. ovalis collections is almost if not com- 
pletely dominant. Differences in degree of winter hardiness exist 
within both F. ovalis and * F. ananassa, but these differences are 
minor as compared with the differences between the two. 

All but two of the plants of Fairfax and all the planis of Dorsett 
winter-killed. Hence, for these two varieties there were no strictly 
comparable data for the characters other than winter injury and 
number of runners. Consequently, with the exception of the two 
characters mentioned, the means of Fairfax self-pollinated and Gem 
asexually propagated are used in the comparisons involving < Fragaria 
ananassa. 

The data of table 5 show that the fruits of selfed 36979 averaged 
somewhat smaller than those of asexually propagated 36979, that the 
means of the F, populations were consistently lower than those of the 
F, populations, and that means of the double crosses were consistently 
greater than those of the F, populations. However, in this latter 
comparison the differences were not marked. Hence, under the 
environmental conditions encountered at Cheyenne lar ge size of 
fruit is partially dominant. 
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From the data on plant height it can be seen that the backcross to 
Fragarna ovalis, the F; population, the F, population, both double 
crosses, and the backcross to Fairfax possessed greater height than 
did either Fairfax or 36979. Clearly plant height exhibits heterosis. 
The plants of the double cross [F, (Fairfax « 36979) * F, (Dorsett x 
37501)] averaged as tall as those of the F; hybrids. This fact substan- 
tiates the field observations that the plants of this double cross were as 
vigorous as those of the F, hybrids. In fact, the extreme vegetative 
vigor of the F; populations and this double cross was so noticeable that 
statistical substantiation of this conclusion was not necessary. The 
purpose of making the double crosses was to allow for segregation of 
the genes differentiating the interspecific characters, but yet to retain 
as much as possible of any heterosis the F, hybrid might possess. It 
seems that the vegetative vigor of the F, hybrid can be retained by 
certain double crosses involving X F. ananassa and F. ovalis. 

Turning to number of runners, it is clear, from column 5 of table 5, 
that the means of the F; hybrids approach more closely the means of 
the collection of Fragaria ovalis than they do those of the varieties of 
xX F. ananassa. Hence, the tendency to produce a large number of 
runners is at least partially dominant to the tendency to produce a 
small number of runners. 

For days from May 1 to first bloom the means of the F, hybrid 
approach rather closely those of the Fragaria ovalis collections, indica- 
ting a fairly high degree of partial dominance of early blooming. By 
the same criterion, the short period from first bloom to first fruit ripe 
is partially dominant, but the degree of dominance is slight. The 
addition of these two periods gives the days from May 1 to first fruit 
ripe, for which the F, hybrid exhibits a slight degree of heterosis. 
These conclusions regarding dominance and heterosis are substanti- 
ated by the fact that the means for the two double crosses are not 
materially different from those of their respective F, hybrids. Again, 
the desirable characteristics of the F, hybrids have been maintained 
in the double crosses. In days from May 1 to first bloom the collec- 
tions of F. ovals are earlier than the varieties of & F’. ananassa, whereas 
in days from first bloom to first fruit ripe  F’. ananassa has the shorter 
period. Consequently, the differences between the two species are 
slight as regards days from May 1 to first fruit ripe. This would 
indicate that the plant breeder may have considerable difficulty in 
combining these two phases of earliness. 

For sweetness and flavor of fruit the data show the differences 
within species to be greater than the differences between species. For 
this reason the data are not conclusive in respect either to dominance 
or heterosis. However, one may conclude that in crosses involving 
Fragaria ovalis and X F. ananassa it should not be difficult to select 
plants possessing sweet fruits of high flavor. 

Firmness of fruit presented no serious problem in these crosses. 
In general the fruits of the native Rocky Mountain strawberries used in 
the crosses were not as firm as those of the cultivated varieties. The 
means of the F; hybrid approached rather closely the mean of self- 
pollinated Fairfax, indicating at least partial dominance of firm fruit. 
However, as the differences between species were not very great this 
conclusion is of no great significance and probably not very well 
established. 












110 Journal of Agricultural Research Vol. 70, No. 4 





FREQUENCY OF OCCURRENCE OF CHARACTERS 


The number of individuals in each class and the percentage of the 
individuals in the more desirable class, when the characters are divided 
into two classes, are listed in table 6. Chi square was used in testing 
the significance of differences noted (see Snedecor 16, pp. 19, 168-171). 

Plants shown in table 6 as having a grade for winter injury equal 
to or less than 0.5 or 1.0 are extremely winter hardy. In fact, a high 
degree of winter hardiness as compared with commercial varieties is 
possessed by any selection that averages 2.5 or less. Of the varieties 
of < Fragaria ananassa, only one plant (Gem asexually propagated) 
received a grade as low as 1.0. Of the segregating populations, the 
backcross to 36979 had the greatest proportion of its plants in the 
more desirable class for winter hardiness. However, the fruits of 
these plants were too small to be commercially acceptable. Next in 
order were the F, hybrids and the two double crosses. The F, hybrids 
and the double cross [F; (Fairfax x 36979) °F, (Gem X 361477)] 
had somewhat more than 50 percent of their plants in the desirable 
class, whereas 40 percent of the plants of the other double cross fell 
in this class. As was to be expected of the hybrid populations, the 
backcross to Fairfax had the smallest percentage in the more desirable 
class. Probably the fact of greatest importance to a plant-breeding 
program was that plants possessing degrees of winter hardiness from 
0.5 to 1.0 occurred frequently enough to allow selection for other 
characters. 

The data on size of fruit (table 6) are of special interest because of 
the light they shed on the breeding behavior of this character. The 
greatest frequency of occurrence of plants having fruits of a size grade 
of 3.0 or greater was found in the F,; population of Fairfax x 37501 
and the backcross to Fairfax. Since Fairfax is the large-fruited parent, 
it would be expected that the highest percentage of large-fruited plants 
would be found in the backcross to Fairfax; but such was not the case. 
Why this particular F, hybrid should have had such a high proportion 
of large-fruited plants is not clear. A logical supposition is that 
F. ovalis may carry some genes for large size of fruit. However, in 
view of the work reported by Hildreth and Powers (9), this does not 
seem probable. Among the plants of 42,000 collections involving 
1,100 locations, they found that none possessed fruits that would 
approach a size grade of 2.5. So large a number of collections from 
so many locations should form an ea sample for testing what 
would be expected in the way of segregation within F. ovalis. There- 
fore, it seems probable that F’. ovalis does not carry any genes for large 
size of fruit. Such being the case, it seems likely that the explanation 
is to be found in dominance relations. It will be remembered that 
large size of fruit was at least partially dominant. If in F.. ovalis 
there were some genes that were completely or almost completely 
recessive to the genes of Fairfax for production of large fruit, then, by 
segregation within the F. ovalis parent, the large-fruited segregates 
obtained among the F, populations would be expected even though, 
comparatively speaking, no large-fruited F. se plants have ever 
been found. 

The question arises as to whether these large-fruited F, plants are 
true F; plants or false hybrids. The fact that they possess extreme 
winter hardiness and exhibit other characteristics of the Fragaria 
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ovalis parent, such as the ability to produce large numbers of runners, 
would rule out the probability of their being false hybrids. Further 
support of this conclusion is the fact that the selfed progeny of Fairfax 
had no plants that exhibited a high degree of winter hardiness. 

The percentages for the different populations of the plants that 
would be expected to have both extreme winter hardiness and large 
size of fruits follow: 


Population: Percent 


B, [F; (Fairfax < 36979) < Fragaria ovalis 36979}__- 

F, (Feirfex X F. ovalis 36979) _ _ __- ere 

F, (Feirfex * F. ovalis 361477) 

F, (Fairfax & F. ovalis 37501) - E 

Me deeex < 30000) — 22-2 Se. 

D. C. [F; (Fairfex x 36979) X F, (Dorsett < 37501)] 

D. C. [F; (Fairfax X 36979) X Fi (Gem X 361477)]_- mee: oe. 

Perens ons (emis x GN TO) |. 2 eR 
The most striking feature of these data is the theoretical possibility 
for selection among the F, plants of Fairfax X 37501. One other fact, 
which the data do not bring out, is that the fruits of the backcross to 
Fairfax falling in the desirable size group will average considerably 
larger than those for any of the other populations. 

The greatest possibilities for selection of the desirable type for 
plant height, other considerations being equal, are offered by the F, 
hybrids and the double cross [F; (Fairfax & 36979) * F, (Dorsett 
37501)] (table 6). This was to be expected because of the greater 
heterosis shown by these populations. It is apparent that the possi- 
bilities are good for obtaining vigorous selections. 

Among the populations having some large-fruited segregates, the 
chances of selecting plants producing a Jarge number of runners are 
greatest for the double cross [F; (Fairfax X 36979)  F, (Dorsett 
37501)]. The other double cross ranks second in this respect. Again, 
the occurrence of the desirable type is sufficiently frequent to provide 
good opportunities for selection. It should be pointed out that under 
certain cultural practices the plants producing few runners are de- 
sirable. However, this is not true in the central Great Plains and 
Rocky Mountain regions. 

The frequencies of occurrence of the classes for the different phases 
of earliness will be considered together. Among the segregating pop- 
ulations having some plants with large fruits, the F, plants and the 
double crosses offered the greatest possibilities for selecting those 
having a short period from May 1 to first bloom. This was not true 
for days from first bloom to first fruit ripe, as the backcross to Fairfax 
had the largest percentage of plants in the desirable class. For days 
from May | to first fruit ripe the double crosses and the two F; popu- 
lations involving 36979 and 37501 had the largest percentage of plants 
in the desirable class. 

In considering sweetness, flavor, and firmness of fruit it should be 
pointed out that the two species did not differ greatly except possibly 
in respect to firmness (table 5). The parents from both species, with 
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the possible exception of Gem and collection 361477, possessed high- 
quality fruit. The more desirable classes for which the percentages 
are given represent the plants having extremely high-quality fruits; 
hence many plants in the other class had fruits of very good quality. 
In fact, quality in these hybrids is a minor problem as ‘the majority 
of segregates had fruits of good quality. Whenever Gem, 361477, 
or both entered into a cross the proportion of plants having extremely 
high quality was reduced (table 6). 


FREQUENCY OF RECOMBINATION OF DESIRED CHARACTERS 


If the relation of two characters is such that they are independent 
in the segregating populations, then the frequency of the occurrence 
of individuals recombining the two characters can be predicted. For 
example, the proportion of the plants of the double cross {F, (Fair- 
fax < 36979) X F, (Dorsett  37501)] having a grade of 1.0 or less for 
winter injury was 0.400871 and the proportion of the plants of the 
same cross having a plant height falling within 18 to 31 cm. was 
0.734205. The expected proportion of the total number of plants 
that recombined both characters is, then, 0.400871 0.734205, or 
0.294321; and the expected proportion that possessed the alternative 
characters is 0.705679. Chi square was employed to test whether 
the differences between the expected numbers and those obtained 
could be accounted for by chance. 

In obtaining these x’ values, when consistent with the biological 
considerations of table 6, the data were grouped so that the expected 
number for either of the two classes was not less than five. When 
this was not advisable the difficulties arising from small numbers 
(6, p. 96) were taken into consideration. The x? values are listed 
for each category of table 7. Both are necessary for a complete 
analysis of the data. One of the advantages of the second x’ is that 
the expected numbers are large. 

If the differences between the obtained and expected numbers 
cannot be attributed to chance variation, then linkage, pleiotropy, 
environment, or a combination of these may be responsible for the 
discrepancies noted. By calculating the x? values for all the popula- 
tions of table 6, information may be obtained as to which of these 
factors are operating to produce the discrepancies noted. All these 
x” values were calculated, but only those of the five populations 
segregating for the genes differentiating the two species are given in 
table 7. The data of this table will be discussed on the basis of the 
row designations. For example, when discussing the x? values for 
the row designated winter injury the x? values for all the other 
characters and winter injury are discussed; whereas for size of fruit 
the x? value for this character and winter injury are not included, 
as it would have been discussed previously under the row designated 
winter injury. 
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TABLE 7.—x? values for testing independence of the different characters calculated 
: ae Sarr -* : 
from the populations segregating for the genes differentiating the species 
[The x? listed first under each column and each row is the sum of the x?’s for the individual generations 


and has 5 degrees of freedom; whereas the x? listed second under each column and each row is calculated 
from the totals of the expected and the obtained for all the populations and has but 1 degree of freedom } 





% | Days | 
| from ae 
| first | _ , Sweet-| Flavor | Firm- 
m | May 1| ee eee 
to first ‘eed 


Character | ness } 
nit of fruit) fruit |of fruit 





| | 
ath ate (6 787 '32. 528° 6.121 | 6.902 | 1.858 | 7.372 | 4.438 | 3.914 | 5.585 
Winter injury . 393,11. 936*| 2.714 | 3.070 | .201 | 3.413 | 2.516 | 1.915 | 3.637 
: 5.005 | 2.216 |19. 139* 30. 908*|244. 281* 13. 416*| 13.090*| 1. 12: 
Size of fruit 1.558 |. 181 |13. 618* 18. 656* 194. 811*| 8.105*| 8. 722*| 
15. 730% 11. 691*| 1.939 | 5.727 | 4.974 | 2.268 | 
| 6.559") 3.012 | 001 | 2.270 | . 246 
16. 805*| 1.857 | 9.474 | 2.013 
ee 8.557*| 1.105 | 3. 587 | 
* ¥ * 
Days from May 1 to first bloom.....|\""~ “aaah = ie > pal : ¥ 0 
Days from first bloom to first fruit | | et Pees Sl 915 | .553 
ripe | | |. | 28. 535*| 2.235 | 1.615 | .020 
5.101 |12. 231* 
1.365 | 5.792* 











*P<0.05, indicating that the deviations noted cannot be attributed to chance, 


From table 7 it can be seen that with the exception of plant height 
none of the x? values for winter injury and the other characters are 
of sufficient magnitude to warrant the conclusion that the genes 
differentiating them are not independently inherited. It remains to 
be seen whether linkage, pleiotropy, environment, or a combination 
of these factors is responsible for the association noted between winter 
injury and plant height. Information pertaining to this phase of 
the problem may be obtained from table 8. The statistically signifi- 
cant x’? values are for those populations in which the proportion of 
non-winter-hardy plants would be expected to be greatest; namely, 
Gem, selfed Fairfax, the F, populations, and the backcross to Fairfax. 
The discrepancies noted for asexually propagated Gem cannot be 
attributed to linkage or pleiotropy. However, the facts observed are 
logically explained as due to environmental differences (winter injury 
to some plants was so severe as to reduce their height moat a4 
If this deduction is correct, the obtained number for those populations 
having statistical y significant x*’s should in every instance exceed 
the expected. It will be noted that such is the case. Such a relation 
between the two characters does not affect the ability of a breeder to 
obtain the desired type by se’ection, because the environment affects 
the expected and not the obtained from which the breeder makes the 
selections. In other words, the environment has lowered the actual 
proportion of tall plants at the expense of the genetically potentially 
tall plants of the non-winter-hardy group. Since the expected num- 
ber of plants combining hardiness and tallness of plant is calculated 
by multiplying the total proportion of tall plants expressed as a deci- 
mal fraction by the total proportion of winter-hardy plants expressed 
as a decimal fraction and this resultant fraction by the total number 
of individuals in the population, it is apparent that the expected has 
been lowered by this environmental action, whereas the obtained has 
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not. Therefore, as prev ously stated, the plant breeder has the same 
number and kind of individuals to seleet from as would have been 
the case if the environment had not had the effect noted. 


TABLE 8.— x? values for testing whether the differences betwe.n the numbers obtained 
and those expected, if winter injury and plant height are independent, can be 
attributed to chance 





winter hardiness 
Population Total and tallness 


2 
plants x 


| | 
| Plants combining | 
| | 
| | 

| 


| 
Obtained) Expected 


| | 


Number | Number 
7 11 





Number | 
Fragaria ovalis (37501), asexual 


F. ovalis (361477), asexual 
F. ovalis (36979), asexual ____- 
Pe a ST MN oa Seek obi whee cnvkseancees 








OE SESE ti RENE GS apes) Sake ek we aeRO ee Mees aes Oe | 
x? of totals 


F. ovalis (36979), Si 

F; (Fairfax X36979)_............._-- 
F, (Fairfax X37501) _-_-....-.--- 

F, (Fairfax X361477) - _- ar 

X F. ananassa (Fairfax), 8: 











SL a ppp ore F 
x? of totals 


B; [Fi (Fairfax 36979) X36979] 
F, (Fairfax X36979) aie 
D. C. [F: (Fairfax X36979) X F; (Dorsett X37501)]___- 
D. C. [Fi (Fairfax 36979) X Fi (Gem X361477)]_____- 
B, [Fairfax x F; (Fairfax 36979) ] 





Sum of x?’s. 
x? of totals 





*P<0.05, indicating that the deviations noted cannot be attributed to chance. 


Turning to size of fruit, it can be seen that all the x? values other 
than those for plant height, runners, and firmness of fruit are statisti- 
cally significant. Again, in every case, the number of individuals 
obtained for the class combining the desirable characters is greater 
than the number expected. The explanation for those characters 
that determine earliness of maturity seems to be that the environ- 
ment has a similar effect upon them and size of fruit. It is evident 
that linkage of the genes that differentiate size of fruit with those 
that differentiate the earliness characters cannot be the explanation. 
On the other hand, the relation between size of fruit and sweetness 
and size of fruit and flavor seems to be due to linkage of the genes 
differentiating these characters, to pleiotropy, or to both. 

The x’ values for plant height and number of runners are statistically 
significant. The sum of the x’’s for plant height and days from May 1 
to first bloom is also statistically significant, and the x’ for totals 
approaches statistical significance, if a P value of 0.05 or less is accepted 
as a criterion of statistical significance. Again, for the desirable 
combination of characters the obtained is greater than the expected. 
Since all of these characters are measures of plant vigor, it is not 
surprising that this is so. It would seem that pleiotropy surely is 
occurring, and linkage also would be expected to play some part. 
That none of the x? values for the asexually propagated generations 
approached statistical significance supports these statements and 
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furnishes convincing evidence that the causes of these high x? values 
are genetic. In any event, whether linkage or pleiotropy is responsible 
for the high x? values, the task of the plant breeder is easier because of 
the greater proportion of plants combining the desirable characters 
from which selections can be made. 

For number of runners, the only statistically significant x? values 
are those listed opposite days from May 1 to first bloom. As before, 
the obtained class recombining the desirable characters is larger than 
the expected. The explanation is the same as that given in the pre- 
ceding paragraph for plant height, runners, and days from May 1 to 
first bloom. In fact, this relation between runners and days from 
May | to first bloom was to be expected. It aids rather than hinders 
the breeding program. 

Days from May 1 to first bloom, from first bloom to first fruit ripe, 
and from May 1| to first fruit ripe will be considered together. None of 
the x’ values for these characters and sweetness,-flavor, or firmness of 
fruit is statistically significant, and hence will not be considered 
further. The x’ value for days from May 1 to first bloom and days 
from May 1 to first fruit ripe is statistically significant, as is also the 
x’ value for days from first bloom to first fruit ripe and days from 
May | to first fruit ripe. In all of these cases the obtained numbers of 
the desired class are greater than the expected numbers. None of the 
corresponding x? values for the asexually propagated material were 
statistically significant. These facts show that the causes are genetic. 
These causes would be expected to be genetic since days from May 1 to 
first bloom plus days from first bloom to first fruit ripe gives days from 
May 1 to first fruit ripe. The x? values for days from May 1 to first 
bloom and days from first bloom to first fruit ripe are statistically 
significant. From table 9, which gives all the x? values for these two 
characters, it can be seen that none of the x’ values for the asexually 
propagated populations was statistically significant. For the first 
and only time the expected numbers were larger than those obtained 
for the desirable class. Since the genes differentiating the desirable 
characters entered the cross from different parents, it would seem that 
linkage, pleiotropy, or both are responsible for the high x? values obtained. 
In any event the task of combining these two characters into a single 
individual to obtain a very early type with other desirable characters 
is much more difficult than if the genes differentiating the two charac- 
ters had been independently inherited. 
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x2 values for testing whether the differences between the numbers obtained 
and those expected, if days from May 1 to first bloom and days from first bloom to 
first yee woe are independent, can be attributed to chance 





| 

“ | Plants combining | 

| short period from 
May 1 to first | 
ewe pone re and short | 
j : | Tota period from first | 

Population | plants bloom to first 

| fruit ripe 


| 


Obtained Expected 








Number | Number |. Number 
Fragaria ovalis (37501), asexual j 3 | 4.6 | 
F. ovalis (361477), asexual 
F. ovalis (36979), ‘asexual __ 


X F. ananassa (Gem), asexual 





MI ene ase cep cdeaanaupeiiuass Cae 
ee nk atlas siakncannch ork codseuin chm tncgnes 


cc cwncaces ree 
F; (Fairfax < 36979) Sei ek oe Relay CRE BUNS 
Di temas: XC Breen).....<. <2, 2-.- 

F; (Fairfax X 361477) 

x F. ananassa (Fairfax), Si. 





ay ies Caietak: X SON7e) 80070)... 2. --..---- 5. ose iy 
F, (Fairfax < 36979). C 
D. C. [F; (Fairfax x 36979) x Fi (Dorsett x 37501)]_- 

D. C. [F: (Fairfax X 36979) X Fi (Gem X 361477)] 

By i Fariax xP; (airiax: x 36070))-.. 225.2... 2. <5. -.5.. : 





Sum of x?’s ag ldcewtcenel ee 
x? of totals | 7. | 112.8 | 66. 204* 





* P<0.05, indicating that the deviations noted cannot be attributed to chance. 


Sweetness, flavor, and firmness of fruit will be discussed together. 
None of the x? values for firmness of fruit with either of the other two 
characters was statistically significant. Hence, the hypothesis of 
independence of this character of the other two was not disproved. 
The x? values for sweetness and flavor of fruit were statistically highly 
significant. This was also true for the asexually propagated parents, 
showing that environment exerts some effect upon the x? values. 
Again, the obtained numbers for the class combining the desir able 
characters were larger than the expected. How much, if any, of this 
relation can be attributed to linkage and pleiotropy cannot be ascer- 
tained from these data. 

To summarize, it can be said that in only 1 of the possible 45 cases 
did linkage or pleiotro y interfere with the breeding program and in 
only 14 of the ooneiiie cases were the characters other than inde- 
pendent. 
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DISCUSSION AND CONCLUSIONS 


PROMISING SELECTIONS 


From the crosses between X F. ananassa and F. ovalis,74 selections 
having large fruits and a high degree of winter hardiness have .been 
chosen for increase and further testing. Already 3 of them have 
shown sufficient promise to warrant their release. Descriptions of 
these, the parents, and Gem are given in table 10. 

During thé past two winters all three selections have proved to be 
winter hardy. Their fruits are large and of very good quality. The 
fruits of the two F; hybrids are of good size but somewhat smaller 
than those of the cultivated varieties. This somewhat smaller size 
is more than compensated for, however, by their hardiness and 
earliness. The backcross to Fairfax has fruits as large as those of 
Dorsett and Fairfax but somewhat smaller than those of Gem. In 
addition, it is more prolific than either Dorsett or Fairfax. All three 
selections produced more runners than either Gem, Dorsett, or 
Fairfax, and the fruits of the two F, selections are very aromatic. 
The differences in leaf spotting between the selections and cultivated 
varieties were slight, the cultivated varieties being somewhat freer 
from leaf spots. Leaf spotting is not sufficiently serious in either to 
be of economic importance under the conditions existing at Cheyenne. 
The quality of these selections as regards sweetness and flavor is 
equal if not superior to that of Fairfax. The fruits of the F, selec- 
tions are not quite so firm as those of Fairfax, and probably they would 
not be good shippers. However, the fruits of the backcross to Fairfax 
are firm and this selection should ship well. 


TaBLe 10.—Description of the characters of 3 selections from crosses involving 
cultivated varieties and the native Rocky Mounain strawberry, 3 standard va- 
rieties, and 2 collections of Fragaria ovalis ‘ 


| | AS ae 


Grade}Period 





HS Rats 
| r for 



































| 
| | : for | from meets Grade |Grade 
Selection, variety, or G coon ea — — sweet-| P saad | firm- |prolif- , 
collection winter] size of | plant | of first —_ | of or teacy | spot- 
injury) fruit run- ruit | fruit fruit | sui ek ting 
hal } ruit | fruit 
| Re | | ners beau Sh SOR Binks Swe 
Pew? |; | | Miia S 
| | Centi- | | | 
Fragaria ovalis: | meters ine | Days | wr See wi a} is 
Ste eae 0.5 1.0 | 14 0 | 22; 2.0) 5 | a 2.0 | : 
ini ee aaa 5] Lo} ww] 85] 2] 27) 27] 29] 20] 20 
Selections from esis! | | | | 
populations: ! | | | | 
. F, (Dorsett X 361261) - -| 10; 28 | 17 | 3.5 | 10 | 3.5] 3.5) 3.5 4.1 1.0 
F; (36979 X Fairfax)-} 1.0| 30] 19) 32| 21) 38] 37) 35] 25] Lo 
Backcross [Fairfax X F; | | | 
(Pairiax x 3007)].....| 1.2] 35/ 22) 30] | 35) 35] 45) 35) 10 
xX F. ananassa: | | | | | 
Fairfax... cae eee s peers | | 1.5| 36| 35} 35] 40 | 2.5 5 
Dorsett - - i; 48) 3.58.) 12 | 1.5 36 | 3.2} 3.0 | 4.0 2.5 5 
Gem... 40) 40) 10) 20) a4) 21) 25) 40 | 3.5 15 
| 








1 The varietal names given to these 3 selections in order of their mention are Early Cheyenne 1, Cheyenne 
2, and Cheyenne 3. * 


As the testing of the 74 selections progresses, it seems highly probable 
that some may prove superior to the 3 described. Furthermore, addi- 
tional study of the segregating. populations may bring to light plants 
superior to the selections already made. In selecting further, the 
breeder should give particular attention to the everbearing habit. 
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EVALUATION OF BREEDING METHODS 


The question may be asked whether the broad method of breeding 
adopted, namely, that of hybridizing before inbreeding, was justified. 
The genetic disparity between species as regards the characters differ- 
entiating winter injury and size of fruit was so much greater than that 
within species as to render the latter negligible in accomplishing the 
principal objective of the breeding program. This fact alone justifies 
the adoption of the method employed. The same conclusion is war- 
ranted for plant vigor as represented by plant height, ability to produce 
runners, days from May 1 to first bloom, days from first bloom to first 
fruit ripe, and days from May 1 to first fruit ripe. Such, however, was 
not the case with the characters that influence quality, namely, 
sweetness, flavor, and firmness of fruit. However, in the central 
Great Plains and Rocky Mountain regions, quality as compared with 
winter hardiness is not a major problem. Therefore, it must be con- 
cluded that employing the broad method involving hybridization 
before inbreeding was fully justified. 

Since hybridization before inbreeding was found to be the most 
promising method of obtaining immediate practical results, the next 
step was to determine which populations and lines of breeding offered 
the most promise. The F, hybrid of Fairfax < 37501 had the 
greatest number of plants combining extreme winter hardiness and 
fruits sufficiently large to be acceptable for home garden produc- 
tion. This was not true of the F,; hybrids involving Fairfax and col- 
Jections 36979 and 361477, a fact which shows that the frequency of 
occurrence of large fruit is also dependent upon the genotype of the 
collection of F. ovalis. Such being the case, further breeding pro- 
grams should include the production and testing of a large number 
of F, hybrid plants involving the crossing of a number of collections 
with a number of cultivated varieties. The fundamental principle 
justifying such a procedure is that genes are present in some collec- 
tions of F. ovalis which in the F, hybrid of crosses with  F. ana- 
nassa allow the almost complete if not the complete expression of the 
genes for large size of fruit. The only means of locating these col- 
lections of the native Rocky Mountain strawberry which carry such 
genes is by breeding tests such as those outlined above. 

Backcrossing the F; hybrid to the cultivated parent has given very 
good results also. In fact, these results are even better than the data 
reported in table 6 would indicate. The reason for this is that the size 
of fruits falling in the desirable class will average larger for the back- 
cross to Fairfax than will the F, fruits falling in this same class. 
Because of this fact, it seems that the backcross method probably offers 
the greatest possibilities for the most rapid accomplishment of the 
objectives of the breeding program. Further work therefore should 
involve backcrossing to the cultivated parent and aJso outcrossing to 
a number of the other cultivated varieties. However, in following the 
backcross and outcross methods of breeding, a more rigid selection of 
the F, plants should be made so as to obtain larger fruited F, plants 
than were available when the breeding program was started at 
Cheyenne. Also, some of the more promising selections from the 
backcross to Fairfax should be used in further backcrossing, in crossing 
among themselves, and in outcrossing to other cultivated varieties 
possessing special merit. 
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The double crosses are particularly promising because of the com- 
paratively large proportion of the population possessing winter hardi- 
ness, because of the marked vegetative vigor of some of the double 
crosses, and because of the outstanding productiveness of some of the 
plants. Again large-fruited F, hybrids should be selected for making 
the crosses. If this is done there seems to be no reason why the plant 
breeder should not obtain extremely winter-hardy, large-fruited, and 
very prolific strawberries that would not only excel the present com- 
mercial varieties but also the selections already made from the 
breeding material involving the hybridization of  Fragaria ananassa 
and F’. ovalis. Also, outstanding double-crossed plants should be used 
in crossing among themselves and in outcrossing with existing varieties 
possessing special merit. 

The F, population did not offer as much opportunity for selection as 
the other hybrid populations. This may have been partly due to the 
reduction of vigor in the F, population as compared with the F, 
hybrids and the double crosses. Table 5 shows that the size of fruits 
of the Fragaria ovalis collection 36979 inbred by self-pollination for 
one gereration did not average as large as the fruits of the parent 
asexually propagated. The same was true of the fruits of the F, 
plants as compared with the fruits of the corresponding F, plants. 
Thus it would seem that when maximum segregation is desired double 
crosses offer far more promise than F, populations. This certainly 
was true in the studies reported herein. However, crossing among 
selected F, plants, outcrossing to meritorious existing varieties, and 
crossing with selections from other generations should produce selec- 
tions superior to those now available. 


BREEDING PRINCIPLES 


The extremely infrequent occurrence of individuals recor bining all 
the desirable characters is emphasized by the data for the double 
cross [F, (Fairfax 36979) « F, (Dorsett * 37501)]. Assuming in- 
dependent inheritance, to recombine all the desirable characters given 
in table 6 into a single individual would, on the average, require a 
population of 5 million plants. However, if the breeder is content 
with extreme winter hardiness, large fruit, exceedingly vigorous 
plants, ability to produce a large number of runners, and a date of 
maturity and quality of fruit similar to that of Dorsett and Fairfax, 
he may find such a plant on the average in every 100 plants of this 
double-cross population. This last statement explains why it was 
possible to obtain 74 promising selections from the breeding material 
involving crosses between the cultivated varieties and the native 
Rocky Mountain strawberry. The reason why so many plants, com- 
paratively speaking, recombine these 4 desirable characters is that 
winter hardiness and ability to produce runners are almost com pletely 
dominant; larger size of fruit shows a small degree of partial domi- 
nance; and plant height shows a high degree of heterosis. 


SUMMARY 


This paper reports the results of breeding studies involving crosses 
between the cultivated varieties (< Fragaria ananassa) and the 
native Rocky Mountain strawberry (Ff. ovalis). The material in- 
cluded the parents asexually propagated, the progeny obtained by 
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selfing the parents, the progeny obtained by backcrossing to both 
parents, the F, hybrids, the F, population, and the double crosses. 

The percentage of strawberry seeds germinating varied from 31.1 
percent for selfed Fairfax to 96 percent for the double cross [F; (Fair- 
fax < 36979) < F, (Dorsett * 37501)]. The mean number of days 
required for the percentages of germination noted above was 69 for 
selfed Fairfax and 42 for the double cross. 

Reciprocal crosses did not behave alike in respect to percentage or 
time of germination. The maternal parent was found to have a 
preponderance of influence. The percentage of germination was 
greatest and the time required for germination least when the F, 
generation was used as the female parent. In fact, the F, hybrid 
showed heterosis as regards this matroclinous effect. 

The genetic disparity in the material indicates that by selection in 
segregating hybrid populations the breeder can build up breeding 
stocks that will show a high percentage of germination and that will 
ger inate quickly. 

The following characters showed either partial or complete domi- 
nance: A high degree of winter hardiness over winter injury; large 
over small size of fruit; a large over a small number of runners; a 
short over a longer period from May 1 to first bloom; and a short 
over a longer period from first bloom to first fruit ripe. Height of 
plant and the short period from May 1 to first fruit ripe showed het- 
erosis. In both cases, this heterosis was retained by the double cross 
[F, (Fairfax x 36979) * F, (Dorsett X 37501)]. The data on qual- 
ity of fruit (sweetness, flavor, and firmness) were not conclusive as 
regards dominance and heterosis. 

The data on the frequency of the occurrence of plants possessing 
the more desirable of the contrasted characters showed that the 
opportunity for selecting the desired types was greatest among the 
plants of the backcross to Fairfax, certain F, hybrids, and the double 
crosses. 

The studies on the frequency of the occurrence of plants recon bining 
desirable characters show that only in the case of days from May 1 
to first bloom and days from first bloom to first fruit ripe did genetic 
linkage reduce the number of plants combining the desirable characters ; 
that 1s, the number of such plants obtained was less than the number 
expected if the genes differentiating the contrasted characters are 
independently inherited. In the other 13 cases of nonindependence 
of the characters, the relations found either helped in obtaining the 
desired combinations of characters or had no effect. In 31 of the 
possible 45 cases the characters were found to be independent. ; 

On an average, 1 individual per 100 was found to recombine the 
following desirable characteristics: Extreme winter hardiness, large 
fruits, exceedingly vigorous plants, ability to produce a large number 
of runners, and a date of maturity and quality of fruit similar to those 
of Dorsett and Fairfax. 

Seventy-four promising selections were obtained from the breeding 
material involving crosses between the cultivated varieties and the 
native Rocky Mountain strawberry. The reason why it was possible 
to obtain so many plants, comparatively speaking, that recombine 
the desirable characters is that winter hardiness and the ability to 
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produce runners are almost completely dominant, size of fruit shows 
a small degree of partial dominance, and plant height and short 
period from May 1 to first fruit ripe exhibit heterosis. 
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ALFALFA SEED PRODUCTION AS AFFECTED BY ORGANIC 
RESERVES, AIR TEMPERATURE, HUMIDITY, AND SOIL 
MOISTURE! 


By C. O. GraNDFIELD 


Associate agronomist, Division of Forage Crops and Diseases, Bureau of Plant In- 
dustry, Soils, and Agricultural Engineering, Agricultural Research Administra- 
tion, United States Department of Agriculture 


INTRODUCTION 


In many parts of the world where alfalfa (Medicago sativa L.) is 
grown seed production is poor, whereas in other areas the seed comprises 
the major value of the crop. Climatic conditions are usually assumed 
to account for the differences. The object of the investigations re- 
ported here was to determine the extent to which organic reserves in 
the roots, soil moisture, and climatic factors, such as air temperature 
and relative humidity, affect seed setting. It is thought that external 
factors may influence seed production in alfalfa directly by affecting 
the development of top growth and the viability and growth of pollen 
and indirectly by affecting the internal factors of plant-food manu- 
facture and storage. Experiments were started in 1934 at the Kansas 
Agricultural Experiment Station, Manhattan, Kans., to determine the 
importance of these factors and to ascertain whether certain treat- 
ments correlate with high seed production. 


REVIEW OF LITERATURE 


Many factors affecting seed development in plants have been 
studied. Hollowell (9)? stated that atmospheric humidity does not 
affect the setting of red clover seed in the greenhouse or field and that 
neither high nor low soil moisture prevents seed setting. However, he 
stated that plants grown with the soil moisture slightly below the 
optimum for growth matured flowers more satisfactorily for seed 
production. 

Alter (1) stated that a certain amount of stress on the alfalfa plant 
was necessary to force the setting of seed. Observations have indi- 
cated that the production of alfalfa seed is best in areas where the air 
humidity is usually low and the soil moisture below optimum. Blinn (3) 
reported that good yields of beet seed were obtained by holding the 
irrigation water near the minimum requirement of the plant; he con- 
cluded that dry climatic conditions with high temperatures seem to 
be among the most essential requirements for seed production. 

Carlson (5) stated that a desertlike climate, especially one with 
light but frequent summer rains, is considered a factor influencing 
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alfalfa seed production in the valley lands of Utah. He also expressed 
the opinion that the frequent rains conditioned the atmosphere rather 
than the soil. Fuelleman®* studied the effects of water utilization, 
organic reserves, and nitrogen supply on seed production in alfalfa 
and concluded that extreme retardation of vegetative vigor favored 
seed formation more than extreme acceleration of vegetative vigor. 
Nightingale and Farnham (10), working with sweet peas in the green- 
house, found that if water was used sparingly the salt concentration 
of the soil solution was increased, thereby limiting the absorption of 
water, inducing early maturity of tissue, and decreasing the rate of 
protein synthesis from nitrates. As a result carbohydrates accumu- 
lated, as they were used less extensively in protein synthesis. These 
authors stated further (10, p. 512): “. . . to obtain ideal vegetative 
and reproductive growth, the protein nutrition of plants must be 
considered in relation to opportunity for carbohydrate synthesis.” 

Garner et al. (6) noted the changes taking place in the carbohy- 
drates in the upper parts of the stems of cosmos plants during short 
intervals. With Biloxi soybeans in the bud stage they found that 
reducing sugars increased during late summer and early fall, decreased 
when blossoms appeared, and increased again when seeds were 
developing. Soluble nitrogen also increased in the seed stage. 

The period from the primordial stage of the alfalfa flower through 
the development of the seed may include 25 to 45 days. During that 
time the external factors may have changed several times, thus 
affecting the internal factors. Bolton and Fryer (4) noted such 
changes and stated that internal plant factors may not promote seed 
setting in alfalfa as definitely in the later stages as in the earlier stages 
of the flowering period. 

From this partial review of the literature it is evident that external 
factors affect the seed production of certain plants and may do so in 
part by altering the internal factors. It is essential that more be 
known about the extent to which each factor affects production and 
how the external factors are related to the internal factors. 


METHODS OF EXPERIMENTATION 


Two controlled experiments were set up for these investigations, 
one for studying the influence of air temperature and relative humidity 
on seed production and the other for studying the influence of soil 
moisture and organic reserves. The chamber used for the control of 
air temperature and relative humidity, in which sulfuric acid was 
used to control humidity, was constructed and described by Grand- 
field and Zink (8). This equipment permitted the studies to be 
carried on in natural light under greenhouse conditions. To elim- 
inate the inherent variability of different alfalfa plants, cuttings 
tracing back to a single plant were used each year in all experiments. 
The alfalfa plants were established in 6-inch clay pots and allowed 
to develop to the full-bloom stage. At the time the plants were to 
be placed in the chamber, the older flowers and buds were removed 
from each raceme, the remaining flowers were tripped and counted, 
and each raceme was tagged. In the course of the experiment 
different plants were exposed to various temperatures ranging from 


3 FUELLEMAN, R. F. WATER UTILIZATION AND OTHER FACTORS INFLUENCING THE FRUITING OF ALFALFA, 
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60° to 120° F. and to relative humidities ranging from 10 to 90 
percent. It was learned from earlier trials that exposures of from 
3 to 8 hours in the cabinet gave satisfactory results. After exposure 
the plants were returned to the greenhouse, where the seeds were 
allowed to develop. A record was made of the number of flowers 
tripped and of the pods and seeds formed. 

The experiment on soil moisture and organic reserves was conducted 
by means of special equipment developed by the author (7) for this 
study. The soil was prepared by mixing five parts of Wabash silt 
loam and one part of sand with a small amount of compost. This 
mixture allowed water to penetrate readily and had a high water- 
holding capacity. The moisture equivalent and the wilting coefficient 
were determined for each experiment in the usual manner. The 
field water-holding capacity of the soil was determined by placing 
12-inch columns of soil 1 inch in diameter in a perpendicular position 
on sand, saturating the soil with water, and allowing the columns to 
drain for 24 hours before determining the percentage of moisture. 
This percentage was assumed to represent the field water-holding 


_capacity of the soil. 


The experiment was conducted under two levels of soil moisture, 
referred to in this paper as “high” and “low.’”’ The high level was 
near the field water-holding capacity (22 percent); the low level was 
12 percent, being 4 percent above the wilting coefficient. The 
watering was done as described by the author (7), and the pots 
were brought to the proper weight each day. The scales used per- 
mitted the pots to be weighed to an accuracy of +10 gm. One 
hundred pots were used in this experiment, with four combinations 
of soil moisture and food reserves as follows: Low moisture, low 
reserves; high moisture, low reserves; low moisture, high reserves; 
and high moisture, high reserves. 

The high and low reserves were obtained by keeping the top growth 
cut back on plants in half the pots to reduce the reserves, and allow- 
ing the plants in the other pots to grow normally to the full-bloom 
stage. While the plants were becoming established and the reserves 
were being depleted in half of them, the soil moisture was held at 15 
percent. After the plants had become established and the differences 
in reserves had been obtained, all the top growth was removed. Half 
of both the low-reserve and the high-reserve plants were reduced to 
the 12-percent soil-moisture level, and half were increased to the 22 
percent level to obtain the four conditions just mentioned. As the 
plants came into bloom, each raceme was tagged and a record was 
made of the number of racemes and the number of flowers tripped, 
pods formed, and seeds developed. 

Laboratory determinations for total carbohydrates were made 
by the iodometric method of Shaffer and Hartmann (1/1), and the 
amounts were calculated as dextrose from the Munson-Walker tables 
(2). Total nitrogen content was determined by the Kjeldahl method. 

A soil-moisture-control and time-of-irrigation experiment was con- 
ducted by varying the amount of water supplied to the plants during 
seed-crop development and the seeding period. Four moisture treat- 
ments were used: (1) Low moisture; (2) low moisture from the time 
growth started on seed crop until prebud stage, with high moisture 
during the flowering and ripening period; (3) high moisture through- 
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out; and (4) high moisture until top growth was well started, low 
moisture until prebud stage, and then high moisture until seed was 
matured. High moisture was at 22 percent and low moisture at 12 
percent, as in the previous experiment. 


EXPERIMENTAL RESULTS 


Preliminary work was started on the experiments in 1934, but, 
owing to the necessity of developing special equipment, definite re- 
sults were not obtained until 1936. The investigations of the various 
factors affecting the production of alfalfa seed will be discussed under 
two headings, namely, Influence of Air Temperature and Relative 
Humidity, and Influence of Soil Moisture and Organic Reserves. 


INFLUENCE OF AIR TEMPERATURE AND RELATIVE HUMIDITY 


Air temperature, relative humidity, and soil moisture are closely 
associated in their interaction on crop plants, and conclusions cannot 
be drawn without taking all these factors into consideration. The 
combined effect of temperature and humidity under comparable soil- 
ome conditions on the number of flowers setting pods is shown in 
table 1. 

Under the conditions of this experiment very few alfalfa flowers set 
pods at temperatures above 100° F., regardless of the relative hu- 
midity. This is contrary to common observation, because alfalfa 
plants do set pods in the greenhouse where air temperatures are as 
high as 120°. The plants used were not hardened to high tempera- 
tures but were taken from the greenhouse bench where the air temper- 
ature ranged from 70° to 90°. Therefore, the maximum temperature 
for the proper functioning of the flower parts is lower than that for 
hardened plants. A supplemental experiment showed that alfalfa 
plants in the full-bloom stage could be hardened to high temperatures, 
so that they were able to set pods at temperatures as high as 120°. 


TaBLE 1.—Effect of air temperature and relative humidity on percentage of alfalfa 
flowers setting pods 
































Flowers setting pods at indicated temperature (°F.) ! 
mae ee l 
percent . 
60 70 80 90 100 | 110 120 {eo 1a 
Pet. Pet. Pet. Pet. Pet. Pet. Pet. Pet. 
RES ea as ee 35 51 62 51 45 15 0 43 
SES Ae 46 51 52 46 50 17 0 44 
nceap eas 42 44 56 48 47 13 0 42 
ARGS SH RIESE PRR gee 41 40 40 37 34 6 0 33 
Di sinctebewabevingaken 42 37 38 42 32 6 0 33 
Average ......- 41 45 | 50 | 45 | 42 | ul | 0 | Pee 








1 Differences greater than 8.4 among the percentages, after arc sine transformation, are significant at 
5-percent probability. 


The data indicate that the greatest influence of humidity on the 
number of pods produced was exerted at a temperature of 80° F. At 
110°, 6 percent of the flowers set pods under a relative humidity of 90 
percent and showed a gradual increase to 17 percent as the humidity 
decreased. At temperatures from 70° to 110°, similar increases were 
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noted in the number of flowers setting pods as the humidity decreased. 
The average values show a decrease in pod setting at temperatures. 
above and below 80°, with a marked decrease above 100°. 

No significant differences were obtained in the average percentage 
of pods set at temperatures from 60° to 100° F.; but the decrease in pod 
setting was highly significant (P <0.001) at 110°, and no pods were 
formed at 120°. The differences in the average number of pods set 
at relative humidities from 10 to 50 percent were not significant, but 
the reduction from the number set at the lower humidities (10 to 50: 
percent) to the number set at the higher humidities (70 to 90 percent) 
was highly significant (P <0.001). 

No significant differences were observed in the average number of 
seeds per pod at the different humidity levels or at the different temper- 
atures from 60° to 100° F. (table 2). A highly significant reduction 
in seeds per pod occurred at 110° (P <0.001), and, as previously noted, 
no pods formed at 120°. 


TABLE 2.—Effect of air temperature and relative humidity on the number of alfalfa 
seeds per pod 






































Seeds per pod at indicated temperature (°F.) ! 
aes ew 
percent Aver 

‘ age 

60 70 80 90 100 110 120 (60-110) 

Number | Number | Number | Number | Number | Number | Number | Number 
ET RL Soca a 8 1.8 2.1 2.0 2.1 0. 0 1,77 
ART ies cele 2.3 2.1 2.1 1.4 1.8 1.0 0 1,78 
| ESS oe TEES eee 2.0 1.7 2.0 2.2 21 8 0 1.79 
eae 1.8 1.9 1.9 1.8 1.6 ok 0 1.61 
ROE es ara 1.6 7 1.8 _ 19 1.8 6 0 1. 57 
Average._-.-.- 1.9 1.8 2.0 1.9 1.9 8 | Ss eee 








1 A difference of 0.83 in number of seeds per pod is significant at 5-percent probability. 
INFLUENCE OF SOIL MOISTURE AND ORGANIC RESERVES 


The response of alfalfa plants to the four combined treatments of 
soil moisture and organic reserves is illustrated in figure 1. In each 
treatment 25 pots were used, and as many as 19,000 flowers were 
counted in the higher seed-setting groups. Table 3 presents the data 
obtained, expressed as 4-year averages of the number of racemes, 


TABLE 3.—Effect of organic reserves and soil moisture on seed production in alfalfa 











Average under conditions of— 

Item Low mois- | High mois- | Low mois- | High mois- 
ture, low ture, low ture, high ture, high 
reserves reserves reserves reserves 
Number Number Number Number 

Racemes per plant... --- Munabetgngoucsadeacad 13 31 32 66 
ON Sareea roe - 151 437 511 1, 068 
MN eo oe ech e ccuemencepecs 87 247 271 550 
EE tice eine sccbucntanswe cies. 174 526 568 1, 101 
ee Ee eee 12 14 16 1 
RI og 7 8 9 8 
a eae a Paes 13 17 18 17 
OS SS ee ee as 1.2 1.2 4 1.0 
NS Nees eee 1.7 1.8 1.9 1.9 
Ioana en ony scwnke sobnaces 2.0 2.1 2.1 2.0 
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flowers, pods, and seeds per plant and their ratios to one another. 
Each annual replication was made with the same soil mixture and 
with cuttings from the same plant. 
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Figure 1.—Effect of soil moisture and organic reserves on setting of alfalfa seed: 
A, High moisture, high reserves; B, low moisture, high reserves; C, high 
moisture, low reserves; D, low moisture, low reserves. 


Under conditions of low moisture and low reserves, alfalfa plants 
produced an average of 13 racemes; whereas, under conditions of 
high moisture and high reserves, the plants produced an average of 
66 racemes. There was a corresponding difference in the number of 
flowers, pods, and seeds formed. The number of racemes produced 
under high moisture and low reserves was approximately the same 
as the number produced under low moisture and high reserves. 

The relative importance of soil moisture and food reserves in the 
production of alfalfa seed under the four conditions is shown in table 
4. Under the low-moisture condition, the high-reserve plants pro- 
duced 146 percent more racemes per plant than were produced by the 
low-reserve plants. With high moisture, the increase due to higher 
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reserves was only 113 percent. Similar increases due to high reserves 
were obtained in the number of flowers, pods, and seeds produced. 
High moisture produced the same trend under the conditions of low 
and high reserves. With low reserves, the bigh moisture increased the 
production of racemes 138 percent over the low moisture; and with 
high reserves, the high moisture increased the number of racemes 106 
percent. 


TABLE 4.—Effect of soil moisture and organic reserves on increase of alfalfa racemes, 
flowers, pods, and seeds per plant 





Increase, due to high re- | Increase, due to high soil 
Serves, over low reserves moisture, over low soil 
at— moisture at— 

Item 





Low mois- High mois- . 
Seonarrres oo 
ture ture Low reserves |High reserves 





Percent Percent Percent Percent 
146 113 138 











Eo cen dacndineaniaechiny hae eehpamiasa 

Flowers- raya 238 144 189 109 
Pods. --- cae 212 123 184 103 
Seeds - --------------- 226 109 202 94 











Root samples were taken for carbohydrate and nitrogen analyses 
to determine the actual amount of organic reserves in the roots, and 
soil samples were also taken to determine the percentage of soil mois- 
ture maintained. The data in table 5 show that, on the date the seed 
crop started to develop, the low-reserve plants contained less total 
carbohydrates than the high-reserve plants. This condition existed 
until the last sampling date. By that time the low-reserve plants were 
able to store carbohydrates and build up a reserve. The low-reserve 
plants in 1942 were much lower in total carbohydrates at the first 
sampling date than the corresponding plants in 1941, because of the 
severer treatment they received before they were sampled. 


TaBLE 5.—Percentage of soil water and of organic reserves in roots taken from pot 

































samples 
; ae or Total nitrogen 
op growt Se dtatein se: Sol 
development Moisture Reserves water : 
1941 | 1942 1941 1942 
| 
Percent | Percent | Percent | Percent | Percent 
12.6 42. 26.6 1.2 3.0 
Sem 38.4 19.4 1.1 3.3 
None... --------- 49.8 41.9 2.0 3.0 
45.1 41.0 2.1 3.4 
43.8 22.5 1.5 3.1 
. 45.1 20.0 1.3 3.4 
8 inches --....-- 50.9 37.5 5 3.1 
50.0 35. 4 1.7 3.2 
42.2 36. 4 1.2 3.4 
7 52.3 37. 2 OS es 
Seed stage....-- 53.9 37.3 2.1 3.0 
50.0 38.0 2.4 2.7 














The average soil-moisture content of the low-moisture pots was 
12.2 percent and that of the high-moisture pots 20.6 percent (table 5); 
these values are very near the desired percentages of 12 and 22, 
respectively. 
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The data on the effect of amount and time of irrigation on seed 
production are reported in table 6. The 2-year averages show little 
difference in the number of seed produced under the different treat- 
meats, except in the low-moisture pots. The plants given the low- 
high moisture treatment produced an average of 8i racemes per 
plant, which was 9 less than that produced by the continuous high- 
moisture treatment. There was a corresponding difference in the 
number of flowers, pods, and seeds formed. The ratio of flowers to 
racemes in the low-high pots was 15 to 1, which was the highest ratio 
for any of the treatments. Although the differences were small for 
the three treatments, it was evident that a low-moisture condition 
for a part of the time during the growth of the seed crop is not detri- 
mental to seed production. 


TABLE 6.—Effect of amount and time of application of irrigation water on alfalfa 
seed production 




















Average under indicated treatment 
Item | 
Low mois- Low-high High mois- |High-low-high 
ture | moisture ! ture moisture ? 
Number Number Number Number 
Racemes per plant. _- rT EE ome Pe 41 81 90 85 
Flowers per plant _----._-------- Sinkdn pages 545 1,235 | 1, 247 1, 179 
eS 2 eee ee SSE 230 526 S47 510 
Seeds per plant____- a gn Ae 385 868 | 866 | 770 
Flowers per raceme - - nif 13 15 | 14 14 
Pods per raceme _. Lik £21k Seen 6 6 | 6 6 
NSS Rea ieee aes 9 | 10 9 
I el tic ar Sawn nevskacis ines 1.7 ee ie 1.6 1.5 
| 











1 Low moisture from start of seed-crop growth until prebud stage, and high moisture during flowering 
and ripening period. 


2 High moisture until top growth was well started, low moisture until prebud stage, and high moisture 
until seed matured. 


DISCUSSION 


Previous investigations have shown the importance of the relation 
between the organic reserves in the roots and the vigor of the alfalfa 
plant. In the investigation reported here, it is shown that organic 
reserves stored in the roots are important also in relation to the pro- 
duction of seed. Air temperature, relative humidity, and soil moisture 
all affect the growth of the plant and thereby affect the storage of 
organic reserves. 

he data from experiments in which temperature and humidity 
were controlled show the direct effect of these factors on the function- 
ing of the reproductive parts of the plants. A statistical analysis of 
the data given in table 1 shows significant differences in the percentage 
of flowers setting pods as affected by temperature and humidity. 
The most favorable temperature was 80° F., and humidities above 
50 percent were definitely detrimental to seed production. These 
data also indicate that the high humidity is more detrimental at 110° 
than at lower temperatures. 

Soil moisture has a marked effect on the nature and rapidity of 
growth, thereby affecting the manufacture and storage of organic 
reserves. Any factor that influences the vigor and type of plant growth, 
thereby influencing plant-food manufacture and storage, may have a 
direct effect on seed production. 
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The data presented in table 5 show that in the low-moisture 
plants the values for total carbohydrates were generally slightly 
higher than those in comparable high-moisture plants, indicating that 
low moisture was conducive to a slower rate of top growth and thus 
enabled the plants to manufacture food faster than it was being used. 
This condition existed until the seed stage, when the top growth was 
of sufficient quantity and maturity in all treatments to build reserves. 
This development brought about the conditions described by 
Nightingale and Farnham (10), who stated that carbohydrate 
synthesis is important in obtaining ideal reproductive growth in sweet 
peas. In the author’s experiments, less vigorously growing alfalfa, 
with high reserves, produced more racemes, flowers, pods, and seeds 
than plants with low reserves under comparable soil-moisture con- 
ditions (table 3). In the plants forced to grow under stress caused 
by external factors, a physiological situation was established favoring 
seed production when organic reserves were plentiful. These data 
show also that increased soil moisture had its greatest effect on plants 
under the less favorable condition of low reserves. The combination 
of high reserves and high soil moisture showed the highest production 
of seed in this experiment. However, preliminary tests indicate that 
this combination may not give the same results under field conditions 
where the plants are closely spaced, as the excess top growth and 
crowding would appear to retard blooming. In this greenhouse ex- 
periment each plant had a restricted space for root growth but ade- 
quate space for the maximum light required for branching and 
flowering. 

Data for amount and time of irrigation (table 6) indicate that the 
low-high-moisture treatment brought about a condition during the 
early growth period favorable for the conservation of carbohydrates, 
and the delayed application of water made it possible for the energy 
stored in the form of carbohydrates to be used for seed production. 
This treatment produced the highest number of flowers and seeds per 
raceme. While the differences were not great, they were produced 
on a smaller number of racemes, indicating that the low-high-moisture 
treatment was less favorable for the production of racemes but more 
favorable for pollen germination and seed development. 


SUMMARY AND CONCLUSIONS 


A study has been made to determine the extent to which organic 
reserves in the roots, soil moisture, and climatic factors affect seed 
production in alfalfa. 

Under the conditions of this experiment the number of alfalfa 
flowers setting pods decreased at temperatures above 100° F. The 
optimum temperature for pod setting was 80°. 

The number of flowers setting pods increased as the relative humid- 
ity decreased from 90 to 10 percent. At 80° F., the difference between 
the percentage of pods set at 10 percent relative humidity and the 
percentage set at 90 percent was 24. 

High reserves increased seed production; the greatest increase 
occurred when moisture was low. When the reserves were low, seed 
production was greater when the soil moisture was high. 

Moderate air temperature, low humidity, and soil moisture below 
optimum produced the type of vegetative growth of alfalfa plants that 
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was conducive to the storage of high organic reserves, resulting in a 
physiological condition favorable to seed setting. 
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RELATION OF MACROFUNGI AND MICRO-ORGANISMS 
OF SOILS TO DAMPING-OFF OF BROADLEAF SEEDLINGS' 


By Ernest Wricut ? 


Pathologist, Division of Forest Pathology, Bureau of Plant Industry, Soils, and 
Agricultural Engineering, Agricultural Research Administration, United States 
Department of Agriculture 


INTRODUCTION 


At present the only reliable method of determining the damping-off 
potentialities of untried nursery soils is to ascertain the damping-off 
of susceptible seedlings in greenhouse or field trials. The object of 
the study reported here was to determine whether there is any relation 
between the abundance of macrofungi and micro-organisms in the soil 
and the damping-off of broadleaf seedlings. 


MATERIALS AND PROCEDURE 


In the first part of this study the macrofungi growing on Marshall 
silt loam in field and greenhouse tests were identified and the asso- 
ciated damping-off losses were compared for such broadleaf seedlings 
as Ulmus americana L., U. pumila L., Robinia pseudoacacia L., and 
Chilopsis linearis (Cav.) Sweet. 

Dilution-plate counts were made to determine the number of fungi 
and bacteria in sandy loam and silt loam. The micro-organisms 
were studied also by the use of modified Cholodny soil slides. The 
resulting data were compared with the damping-off losses occurring on 
the same soils in crocks kept in the greenhouse. These tests were 
made at Lincoln, Nebr., from 1937 to 1939. 


MACROFUNGI AND DAMPING-OFF 


It has been observed in both field and greenhouse tests that the 
sporophores of certain fungi commonly follow specific agronomic 
crops. 

One of the commonest sporophores found was that of the bird’s- 
nest fungus, Cyathus vernicosus DC. It occurred most frequently in 
soil where corn had been grown or where wheat had followed corn. 
The base of the sporophore was generally attached to a piece of 
buried cornstalk. These sporophores have been observed only in the 
fall after rather heavy rains. In uncultivated fields they sometimes 
occur also in the spring, but the indications are that cultivation dis- 
turbs the soil to such an extent that it interferes with sporophore 
formation. What part, if any, this fungus plays in damping-off is 
“T Received for publication June 10, 1943. This paper is part of a thesis presented to the faculty of the 
Graduate College of the University of Nebraska in partial fulfillment of the requirements for the degree 
of doctor of philosophy, Department of Botany, June 1941. 

2 This study was begun under the direction of Dr. George L. Peltier, of the Department of Bacteriology, 
and continued under the supervision of Dr. Robert W. Goss, of the Department of Plant Pathology, Uni- 
versity of Nebraska. The writer gratefully acknowledges his indebtedness for this guidance. He also 
wishes to express his thanks to Floyd R. Schroeder for the valuable assistance rendered in obtaining the 
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unknown. However, greenhouse tests have indicated that soils on 
which the sporophores of C. vernicosus occurred were favorable to the 
broadleaf seedlings tested, since damping-off losses in these soils were 
relatively light. 

Sporophores of Naucoria semiorbicularis Fr. have often been ob- 
served in fields where gramineous crops have been grown in successive 
rotations. They were particularly abundant in soils where wheat 
followed wheat or where rye followed wheat. On rye plots at the 
Nebraska State Agricultural Farm, these sporophores were observed 
to follow each drill row. Examinations showed that rhizomorphs 
extending from the sporophores were frequently attached to the bases 
of the plants or to their roots. However, Sprague (12) * found that 
closely related agarics were not pathogenic to cereals. Kauffman (8) 
also indicated that N. semiorbicularis is not pathogenic to grasses. 
Greenhouse tests showed that damping-off losses were heavy on such 
soils, and the abundance of these sporophores indicates that the soil 
is unfavorable for susceptible broadleaf seedlings. 

Species of Coprinus observed both in the field and in potted greenhouse 
soils were especially common following alfalfa. Damping-off losses on 
such soils were heavy. The abundance of Coprinus sporophores indi- 
cates that such soils favor damping-off of broadleaf seedlings. 


SOIL MICRO-ORGANISMS AND DAMPING-OFF 


It was early recognized by pathologists that meteorological factors 
and environmental conditions have a strong influence on damping-off 
(2). They likewise affect the development of the soil micro-organ- 
isms (11). The number of micro-organisms in a soil is known also 
to be directly related to the depth, texture, and moisture content of 
the soil, the amount of organic matter present, the acidity, etc. (14). 
With so many complicating factors involved, it was recognized at the 
beginning of this investigation that in the time available a complete 
study of soil micro-organisms in relation to damping-off could not 
be made. 

Probably the best method of determining the damping-off fungi 
present in the soil is by direct isolation from diseased seedlings and 
reinoculation to prove pathogenicity. In a previous paper (17) it was 
shown that Rhizoctonia solani Kiihn and Pythium ultimum Trow are 
the principal fungi causing damping-off of broadleaf seedlings in 
Great Plains nurseries. Other micro-organisms in the soil may also 
be important. 

DILUTION-PLATE STUDIES 


METHOD 


In preparing soils for dilution-plate studies, moisture contents were 
first determined on an oven-dry basis. After these differences had 
been taken into consideration, equivalent 10-gm. samples were placed 
in 100-cc. sterile water blanks and shaken vigorously for 2 minutes. 
Dilutions of 1:1,000 in peptone-glucose agar were used for the fungi. 
Bacteria were cultured on sodium albuminate agar at a dilution of 
1:10,000 (6). 

Dilution plates were poured in quadruplicate, and final counts of 
fungi were made after 4 days’ incubation at 25° C., and of bacteria 
after 7 days’ incubation. 


3 Italic numbers in parentheses refer to Literature Cited, p. 140. 
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RESULTS 


These studies were repeated several times in conjunction with 
greenhouse damping-off tests, but a consistent relation has never been 
demonstrated between damping-off losses of broadleaf seedlings and 
the number of fungi and bacteria present in dilution plates. In gen- 
eral it appeared that the greater the number of fungi in the soil the 
heavier was the damping-off, whereas the reverse was generally true 
for bacteria except in soils occupied by legumes. It seemed possible 
that species of fungi present in the dilution plates might be important, 
but studies to obtain information on this point have also given nega- 
tive results. Admittedly, studies to determine the relation of damp- 
ing-off to the number of micro-organisms in the soil should be carried 
on for several successive years; but such studies were attempted only 
in a preliminary way in the present investigation. Whether a more 
complete study would be of greater practical value remains to be 
determined. 

The kinds of fungi commonly appearing in the dilution plates were 
as follows: A yellow Aspergillus sp., Trichoderma lignorum (Tode) 
Harz, Fusarium spp. (both pink and white forms), Rhizopus spp., 
Pythium spp.; Mucor, certain unidentified species of the Phycomy- 
cetes, and an unidentified white fungus. Of all these fungi, the yellow 
Aspergillus seemed to be the most prevalent. This fungus gave the 
medium adjacent to its hyphae a yellowish color. 

No relation was found between the abundance of Trichoderma and 
damping-off losses, as reported by Weindling and Fawcett (15) for 
citrus seedlings. However, this is not regarded as important negative 
evidence, since the present investigations were made under conditions 
entirely different from those reported by Weindling and Fawcett. 
Trichoderma was much less abundant in these prairie soils than the 
other fungi named in the preceding paragraph. 

While dilution-plate counts were used to determine the more com- 
mon soil micro-organisms, such as the molds and bacteria, the micro- 
slide technique originated by Cholodny (3) was also employed to 
determine the micro-organisms in localized portions of the soil. Both 
methods have serious drawbacks. In dilution plates an approxima- 
tion of the numbers of spore-forming fungi present in the soil can be 
obtained, but important non-spore- forming fungi, such as Rhizoctonia, 
are rarely isolated by this method. Thus dilution-plate counts may 
actually prove to be misleading for.some purposes. The Cholodny 
method was used to identify the micro-organisms of the soil adjacent 
to plant roots, but the method cannot be used quantitatively. How- 
ever, a modified Cholodny technique proved somewhat more useful. 


MODIFIED CHOLODNY SOIL-SLIDE STUDIES 


METHOD 


In the present study, sterilized glass microslides were placed in 
sterile Petri dishes and coated with malt agar. As soon as the agar 
had hardened, the slides were removed aseptically and slowly dried 
on an electric plate at 45° to 50° C. until the agar was reduced to 
paper thinness. These dried agar slides were inserted endwise into 
potted soils containing seedlings from which damping-off counts were 


4 Malt agar was found to be especially desirable for general tests, principally because it adheres very firmly 
to the slide after drying. 








136 Journal of Agricultural Research Vol. 70, No. 4 





being obtained in the greenhouse.’ First a hole about 2 inches deep 
was made by inserting a spatula into the soil and pulling it backward 
so that one face of the hole remained smooth and flat. Then the 
dried agar surface was placed against the flat side of the hole, and 
the loosened soil was packed down to hold the slide firmly in place. 
These slides were left in the soil for 3 to 4 days. During this 
time the dried malt agar absorbed enough moisture from the soil to 
become softened, and thus furnished a suitable substratum for the 
growth of micro-organisms. Finally, the slides were extracted from 
the soil by pulling the agar-coated surface away from the flat side of 
the hole. After removal, the slides, with the agar surface up, were 
placed in Petri dishes and brought to the laboratory, where they were 
examined with a binocular microscope. In this way it was sometimes 
possible to detect individual colonies of fungi or bacteria, from which 
isolations were made for identification purposes. Ultimately the 
slides were slowly heated until the agar was again dried to paper 
thinness; then they were stained for detailed examinations. Best 
results were obtained by staining the dried agar slides with a rose 
bengale solution as described by Conn (5). After staining, the slides 
were ready for observation under high-power magnification. These 
stained, dried agar slides have been kept for several years, and they 
are still good for microscopic study even with an oil-immersion lens. 


RESULTS 


In slides observed under a binocular microscope before drying, it 
was sometimes possible to detect the movements of nematodes and 
an occasional amoeba on the surface of the agar. In some cases the 
nematodes seemed to be feeding on the fungi, particularly on the 
fungus hyphae. 

After examining dozens of stained, dried agar slides, the writer 
found no evidence of antagonism between fungi, between bacteria, or 
between fungi and bacteria, although actinomycetes appeared to 
develop best in less densely populated areas of the slides. As Conn 
(5) had found, bacteria were most abundant in soils of high moisture 
content. The species of Aspergillus that caused a yellowish discolora- 
tion in the agar dilution plates was also frequently observed on the 
dried agar slides. 

In soils with abundant nematodes, there appeared to be a relation 
between the number of nemas on the dried agar slides and the kind of 
rotation crop. In these tests, nematodes were found to be more 
numerous in soils obtained from cereal plots than in those from legu- 
minous rotations. Other tests had already indicated that the use of 
most legumes as preceding crops increased damping-off of broadleaf 
seedlings. The relation of damping-off tc the number of nematodes 
is interesting, since Christie and Arndt (4) were first inclined to believe 
that nemas supposed to be saprophytic may cause root troubles of 
cotton seedlings. They later concluded (/) that their experiments 
failed to prove that the species of nematodes investigated were factors 
of primary importance in the etiology of damping-off, or sore shin, 
in cotton. However, Wilde (16) considered that nematodes were 
directly connected with damping-off losses in coniferous nurseries in 


5 The modified Cholodny slide meiiiod, which was developed during the course of these studies, was later 
found to be almost identicai with that previously described by Kriuciikova (9). 
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Wisconsin. It is apparent that the observations presented here, 
which indicated that soils with numerous nematodes have less damp- 
ing-off than soils with smaller populations, need confirmation. 

Figures 1 and 2 show photomicrographs of stained, dried malt-agar 
slides, which illustrate some of the more common micro-organisms 
observed by the use of the modified Cholodny technique. 

Pythium, other unidentified species of Phycomycetes, Rhizoctonia, 
Fusarium, Penicillium, and many other fungi were readily identified 
on these stained, dried agar slides. 

Likewise of interest was the fact that the modified Cholodny slides 
showed clearly the initial stage of sclerotial formation of Rhizoctonia. 
It appeared that where Rhizovtonia hyphae came in contact with a 
solid object, such as the glass slide, they flattened out considerably 
prior to sclerotial formation. 

Since this modified Cholodny technique satisfactorily showed the 
presence of bacteria and actinomycetes, as well as spore-forming and 
non-spore-forming fungi, besides some forms of microfauna, it is re- 
garded as a valuable supplement to soil-dilution studies in determining 
the nature of the microbial population of the soil. 

The Cholodny technique is applicable to both field and greenhouse 
conditions. By using selective agar it is possible in some instances to 
study the development of specific organisms while nearly excluding 
others. However, if specialized agar is used, preliminary tests indi- 
cate that malt sugar should be included in the medium, since this 
carbohydrate when heated has a marked tendency to cause the agar 
to stick firmly to the slide. 

A method developed by Canadian workers (7, 13) has enabled them 
to determine the micro-organisms present ‘within the roots of certain 
plants, but it is not regarded as applicable to the present study. No * 
attempt was made to make comparative tests by direct microscopic 
examination of the soil as described by Kubiena and Renn (10). 


DISCUSSION 


From the foregoing preliminary results, it does not appear likely 
that a thorough and more complete study of the sniorshiel suaslabien 
of the soil would furnish a satisfactory clue to the damping-off poten- 
tialities of untried nursery sites. In such studies it would be neces- 
sary to include many soil types as well as different crop sequences, and 
the tests should extend over several years so that the effects of meteoro- 
logical factors could be determined. Such studies are complicated by 
the fact that climatic variations affect the host, the activity of the 
microbial population of the soil, and, over a period of years, the soil 
itself. Whether these effects run parallel, run in opposite directions, 
or have any relation at all is at present not definitely known. In the 
final analysis, standards should be established on the basis of definite 
numbers of micro-organisms and should not be merely comparative. 
Assuming that such a standard could be obtained, it is doubtful 
whether it would be of much value to field technicians, since the tech- 
nique required to make it dependable would probably be so refined as 
to preclude practical use. 

At the present time it appears that the best method of predetermin- 
ing the damping-off hazard of an untried soil is by greenhouse tests. 
However, microbiological studies are of considerable scientific interest 
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if not of practical value, and in special cases where numerous treat- 
ments are being tested on the same soil such studies may prove useful 
in determining variations between individual plots or treatments. 


SUMMARY 


Observations on the occurrence of soil macrofungi were made, and 
an apparent relation was noted between the occurrence of such fungi 
and the damping-off of broadleaf seedlings. The occurrence of 
sporophores of Cyathus vernicosus was associated with soils favorable 
to the growth of broadleaf. species and low incidence of damping-off. 
An abundance of sporophores of Naucoria semiorbicularis and Coprinus 
spp., on the other hand, was associated with soils in which damping-off 
was high. 

Soil micro-organisms were studied by dilution-plate counts and by 
a modification of the Cholodny microslide technique. The results 
obtained by the former method were not consistent. The general 
trend indicated that the greater the number of fungi present in the 
soil the heavier was the damping-off loss. However, soils containing 
the largest number of bacteria generally showed the least damping-off, 
except for sites on which leguminous crops preceded the broadleaf 
seedlings. 

In a modified Cholodny technique, dried agar-coated slides were 
inserted into the soil to furnish a medium for sporulating and non- 
sporulating fungi, bacteria, and other micro-organisms. Nematodes 
were frequently observed in abundance; these appeared to be most 
numerous in soils on which cereal crops had been grown and on which 
damping-off losses were relatively light. The modified Cholodny slide 
technique used is believed to be of value for making a detailed study 
of the microbial population of the soil. 

On the basis of the data presented, it does not appear likely that 
detailed microbiological studies of the soil will prove of practical value 
in predicting damping-off losses. 
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